This short article describes flow parameters, numerical method, and animations of the fluid dynamics video LES of an Inclined Jet into a Supersonic Cross-Flow. Helium is injected through an inclined round jet into a supersonic air flow at Mach 3.6. The video shows 2D contours of Mach number and magnitude of density gradient, and 3D iso-surfaces of Helium mass-fraction and vortical structures. Large eddy simulation with the sub-grid scale (LES-SGS) stretched vortex model of turbulent and scalar transport captures the main flow features: bow shock, Mach disk, shear layers, counter-rotating vortices, and large-scale structures.
Flow description
Helium is injected through an inclined round jet into a supersonic air flow (Fig. 1) . In the present investigation, the jet axis forms a 30 • angle with the streamwise direction of the air flow. The flow parameters of air and helium are reported in Table 1 . The jet diameter, d, is 3.23×10 −3 m, and the boundary layer thickness, δ, of the air flow is 2×10 −2 m, as in the experimental study of Maddalena, Campioli & Schetz (2006) . The air free-stream Mach number is 3.6, the jet Mach number is 1.0, and the jet to free-stream momentum ratio, q, is 1.75. The Reynolds number of the air flow based on the momentum thickness is Re θ = U e θ/ν w = 13 × 10 3 (Re δ = U e δ/ν w = 113 × 10 3 ), where U e is the free-stream air velocity and ν w is the kinematic viscosity of air computed at the wall for adiabatic wall conditions. 
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Numerical method
We performed large-eddy simulation with the sub-grid scale (LES-SGS) stretched vortex model of turbulent and scalar transport developed by Pullin and co-workers (Misra & Pullin, 1997; Pullin, 2000; Voelkl et al., 2000; Kosović et al., 2002) . The governing equations are solved on a Cartesian mesh with adaptive mesh refinement (AMR) (Deiterding, 2003) . The levelset approach with the ghost-fluid method (Fedkiw et al., 1999 ) is used to treat the complex boundary (Fig.1) where no-slip and adiabatic boundary conditions are applied. The numerical method is a hybrid approach with low numerical dissipation (Hill & Pullin, 2004; Pantano et al., 2007) that uses tuned centered finite differences (TCD) (Hill & Pullin, 2004) in smooth flow regions, and weighted essentially non-oscillatory (WENO) (Liu et al., 1994; Jiang & Shu, 1996) scheme around discontinuities and ghost-fluid boundaries.
Video
The video LES of an Inclined Jet into a Supersonic Cross-Flow shows five animations:
1. Mach number contours in mid-span plane;
2. magnitude of density gradient contours in mid-span plane;
3. iso-surface of Helium mass fraction Y He = 0.25; 4. vortical structures 1 ;
5. overlapped iso-surface of Helium mass fraction Y He = 0.25 and vortical structures.
Each animation is played at a speed 10,000 times slower than in real life, and shows the flow evolution for about 1.8 × 10 −3 s. The video shows that the main flow features are well captured: bow shock, Mach disk, shear layers, counter-rotating vortices, and large-scale structures (Ferrante et al., 2008) .
